
RESEARCH ARTICLE Open Access

Prevalence of middle mesial canal and
radix entomolaris of mandibular first
permanent molars in a western Chinese
population: an in vivo cone-beam
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Abstract

Background: The aim of this study was to investigate the prevalence of the middle mesial canal (MMC) and radix
entomolaris (RE) in mandibular first permanent molars in a western Chinese population using cone-beam computed
tomography (CBCT).

Methods: A total of 1174 CBCT images of the mandibular first molars were collected from West China Hospital of
Stomatology, Sichuan University. The following information was recorded and evaluated: the detection rate and
location of the MMC and RE, the curvature of the RE, the canal configuration and bilateral symmetry.

Results: The detection rates of the MMC and RE were 3.41 and 25.04%, respectively, as calculated by individuals, and
1.79 and 22.15%, respectively, as calculated by total teeth. The average curvature in the buccolingual (BL) orientation
(40.63 ± 14.39°) was significantly larger than that in the mesiodistal (MD) orientation (17.64 ± 7.82°) (p < 0.05). Of 587
patients, 71.72% (421/587) had bilateral symmetry according to the root canal morphology. The prevalence of three-
rooted mandibular first molars was higher in males than in females, while the prevalence of two-rooted mandibular
first molars was higher in females than in males.

Conclusions: Our results showed that the RE could be detected in almost 1/4 of the western Chinese population; thus,
RE detection requires special attention and careful assessment in endodontic treatment.

Keywords: The first permanent mandibular molar, Root canal system, Cone-beam computed tomographic (CBCT),
Middle mesial canals (MMC), Radix entomolaris (RE)
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Background
It is well known that successful endodontic treatment
depends on many factors, among which the anatomy of
the teeth and root canal system provides the anatomical
basis for endodontic treatment [1, 2]. Missing a single
root canal in endodontic treatment may lead to second-
ary or persistent apical periodontitis [3]. Mandibular first
molars, the first permanent teeth that appear in our oral
cavities, which are defined as “the key of the occlusion”
and have a large number of pits and fissures on the oc-
clusal surface, demonstrate a poor self-cleaning effect.
Therefore, the mandibular first molars with a high risk
of caries are the most likely to undergo endodontic
treatment [4–6]. Traditionally, the most common form
of a mandibular first molar has been briefly depicted as
a two-rooted tooth with two canals in the mesial root
and one or two canals in the distal root [1]. However,
there are several aberrant canal morphology in the man-
dibular molars, and the most common variations include
an additional distolingual root and canal [7] and a third
canal in the mesial root termed as the middle mesial
canal (MMC) [8]. Since the missing canals ay contain
necrotic debris, tissue remnants, or organic substrates
that facilitate the growth of microorganisms, it is neces-
sary to locate all root canals, especially MMC and disto-
lingual root canals, debride them thoroughly and
prevent reinfection, to avoid failure of endodontic
treatment.
Vertucci and William [9] as well as Barker et al. [10] first

reported the presence of the MMC in mandibular molars
in 1974. Since then, there have been multiple studies that
have reported this kind of variation in the mesial root be-
tween the mesiobuccal canal (MBC) and mesiolingual
canal (MLC), named the “intermediate”, “mesiocentral”,
“middle mesial”, “third mesial” or “accessory mesial” root
canal [1, 11–15]. Previous studies have reported a fre-
quency of this canal ranging from 0.26–46.15%, and this
extra canal has received special attention when endodon-
tic treatment is needed [16, 17].
The presence of mandibular first molars with an third

distolingual root was noticed earlier than the presence of
the MMC, which was first reported in 1844 by Carabelli
et al. [18]. It has been found that the additional distolin-
gual root termed the “radix entomolaris” (RE) is basically
smaller and more curved than the mesiobuccal and dis-
tobuccal roots [19, 20]. Relevant literature [7, 21–25]
demonstrates that the RE detection rate has an obvious
genetic and ethnic predilection: A maximum of 3% is
discovered in African populations, whereas the fre-
quency is less than 5% in Eurasian, Indian, European or
Caucasian populations. In populations with Mongolian
descent such as the Chinese, Malaysian, Eskimo, and
American Indian populations, the frequency is higher
than 5% (even up to 40%). In the populations mentioned

above, the RE is considered to be a kind of normal racial
structure rather than a variation. We all know that west-
ern China is a multiple ethnic region, therefore, it is of
great clinical value to study the RE detection rate in this
region representative of China.
The purpose of the study was to analyze the root num-

ber and morphology, the canal number and configur-
ation, and the location of the MMC and RE in the first
mandibular molars in a western Chinese population in
order to provide additional imaging anatomical data ana-
lysis for clinicians and improve the success rate of end-
odontic treatment. The symmetry of homonym teeth
and whether sex was related to root canal variation were
also recorded.

Methods
Patients
Sample calculation was based on single sample rate
calculation formula: n = ( Zα

δ )2π(1-π) [26]. The overall
middle mesial canal prevalence π = 69.6%, α = 0.05,
δ = 0.05, one-tailed, where π is from previous studies
[27] using 95% confidence intervals. To get a higher
precision, we have enlarged the result calculated by
the above formula by 10% as the final minimized
sample size, which is 357. As a retrospective cross-
sectional study, the cone-beam computed tomographic
(CBCT) data were enrolled at the department of radi-
ology of West China Hospital of Stomatology, Si-
chuan University from October 2017 to March 2018,
from patients who have medical treatment needs (pul-
pitis, periapical periodontitis, dental trauma, cracked
tooth, vertical root fracture, etc.) and first visit the
department of endodontics. The present study initially
included 1549 patients, excluding 962 patients, and
ended up with 587 patients (237 males and 350 fe-
males) and 1174 bilateral mandibular first permanent
molars, and the basic information of the patient’s
name, gender and age was recorded. The study was
approved by the Medical Ethics Committee of West
China Stomatological Hospital of Sichuan University
with the approval number: WCHSIRB-ST-2017-85.
The study screened teeth according to the following

criteria, for the following factors might affect the accur-
ate judgment of the root and canal configuration:

(1) No trauma or defects;
(2) No periapical lesions;
(3) No root canal treatment or post- or crown

restoration;
(4) No root canals with open apices, resorption or

calcification;
(5) Good-quality CBCT images.
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Radiographic techniques
CBCT images were obtained using a CBCT device (3-dimen-
sion Accuitomo, J.MORITA MFG.CORP.Kyoto Japan), with
those exposure parameters: 85 kvp, 4.5mA, 17.5 s scan time,
with voxel size of 0.125mm and field of view of 60*60mm
for all images. All images were produced by an experienced
technician according to the manufacturer’s instructions using
lowest dose radiation.

Evaluation of the images
The i-Dixel software (One Volume Viewer 1.5.0) was
used to reconstruct and measure the image. Two end-
odontists concurrently analyzed all the images to reach
an agreement on the findings of these images. An oral
radiologist provided guidance when necessary. The root
canal system of the first permanent mandibular molars
was observed from the medullary cavity to the root ap-
ical layers on the coronal, sagittal and cross-section
views, and the following data of the left and right sides
were measured and recorded: the root number and
morphology, the canal number and configuration, the
prevalence of the MMC and the RE root canal, and the
curvature of the RE in the buccolingual (BL) direction
and in the mesiodistal (MD) direction. The methods of
Schneider [28] was used to measure the angle of the RE
curvature.
SPSS 21.0 software (SPSS, Inc., Chicago, IL, USA) was

used for statistical analysis. Descriptive statistics was
used to describe the number of different roots and root
canals, as well as the detection rate of root canal

morphology. The number of roots and canals, root canal
morphology and detection rate of the MMC and RE in
different groups according to sex and their bilateral sym-
metries were analyzed using the Chi-square test. Further,
the curvature of the RE root in the buccolingual and
mesiodistal directions were compared. Statistically sig-
nificant differences were defined at p < 0.05.

Results
The detection rates and locations of the MMC and RE
Cases of mandibular first molars with RE or MMC in
the axial section are showed in Fig. 1. The detection
rates of the MMC and RE were 3.41 and 25.04%, re-
spectively, as calculated by individuals, and 1.79 and
22.15%, respectively, as calculated by the total teeth. The
mean distances between the MMC and MBC orifice and
between the MMC and MLC orifice were 1.84 mm and
1.95 mm, respectively, while the mean distances between
the RE canal orifice and distobuccal canal orifice and be-
tween the RE canal orifice and mesiolingual canal orifice
were 4.22 mm and 4.01 mm, respectively.

The curvature of the RE
The curvature of the RE canal was more severe in the
BL orientation (40.63 ± 14.39°) than in the MD orienta-
tion (17.64 ± 7.82°) (p < 0.05). Most RE canals exhibited
severe curvature in the BL orientation and moderate
curvature or a straight appearance in the MD
orientation.

Fig. 1 Cases of mandibular first molars with RE or MMC in the axial section; the white circles indicate the examined tooth; the white arrows
indicate REs; the black arrows indicate MMCs. CBCT images show (A-C) mandibular first molars with RE, (D-E) mandibular first molars with MMC,
(F) mandibular first molars with both RE and MMC
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The bilateral symmetry
The numbers of roots and root canals are listed in
Table 1, and the canal configurations according to Ver-
tucci’s classification are listed in Table 2.
Of the 587 patients, 91.14% (535/587) had bilateral sym-

metry in terms of the number of roots, 84.50% (496/587)
had bilateral symmetry in terms of the number of root ca-
nals, and 71.72% (421/587) had bilateral symmetry in
terms of the root canal morphology. The right mandibular
first molar had a higher prevalence of having two roots
(80.4%), while the left molar had a higher prevalence of
having three roots (28.1%). The prevalence of the man-
dibular first molar with five canals was higher on the left
side (3.2%) than on the right side (1.2%).
In addition, the frequency of bilateral occurrence of

the MMC was only 0.05%, with no significant differences
between the right and left sides. However, the frequency
of bilateral occurrence of the RE was 76.87%, and there
was a statistically significant difference between the right
and left sides (p < 0.05), as it was higher on the left side.

The association of these parameters with sex
The frequency distribution and percentage of the num-
ber of roots and root canals according to sex are listed
in Table 3.
The prevalence of three-rooted mandibular first molars

was higher in males (27.2%) than in females (21.6%), while
the prevalence of two-rooted mandibular first molars was
higher in females (78.4%) than in males (72.8%). The
prevalence of four-canaled molars was higher in males
(44.3%) than in females (34.3%), while the prevalence of
two-canaled molars was higher in females (6.7%) than in
males (1.3%). Except two-canaled and four-canaled molars
mentioned above, the prevalence of the remaining num-
bers of root canals, such as three-canaled and five-canaled
molars, had no significant difference in different sexes. In
addition, the prevalence of the RE (Chi-square P = 0.273)

and MMC (Chi-square P = 0.668) was not significantly dif-
ferent between males and females.

Discussion
The most common form of a mandibular first molar is the
presence of two roots with three canals: two canals located
in the mesial root and one canal in the distal root. There
is little difference between countries and ethnic groups [5,
29–33]. In our study, the most common root canal config-
uration of the mandibular first molar was type IV
(65.84%) in the mesial roots and type I (78.19%) in the dis-
tal roots. The result is in accordance with the findings of
most earlier studies [5, 16, 29, 31–37].
As mentioned before, the detection rates of the MMC

in mandibular first molars varied among studies, ranging
from 0.26–46.15% [16, 17]. This varied detection rates
can be due to the varying ethnic groups and ages as well
as the study design or methods of detection. In China,
this anatomical variation has been found to range from
0.8 to 22% [38–41]. In the present study, the detection
rate of the MMC was only 3.41%. The mean distances
between the MMC and MBC orifice and the MMC and
MLC orifice were 1.84 mm and 1.95 mm, respectively.
These distances were obviously longer than those de-
tected by Versiani et al. [13], who found that the average
distances were 1.35 mm and 1.34 mm, respectively. In
addition, Akbarzadeh et al. [42] showed that in molars
with MMC, the mean distance between the MBC and
MLC orifice was 3.1 mm, while the distance was 3.7 mm
in those without MMC; But in a most recent study, [43]
that the mean distance between the mesial canals was
3.643 mm in teeth with MMC, and 3.818 mm in teeth
without MMC, and Weinberg et al. suggested that there
is no significant difference between above-mentioned
distance in molars with or without MMC. But these dis-
tances are also apparently shorter than those detected in
our study. Therefore, clinicians can carefully explore the

Table 1 The number of roots and root canals in the mandibular first molars

Root number Two root canals Three root canals Four root canals Five root canals Total

Two roots 53 619 219 3 894 (76.15%)

Three roots 0 44 231 5 280 (23.85%)

Total 53 (4.51%) 663 (56.47%) 450 (38.33%) 8 (0.68%) 1174 (100%)

Table 2 The canal configuration based on Vertucci’s classification in the mandibular first molars

Root Type I
(1)

Type II
(2–1)

Type III
(1–2-1)

Type IV
(2–2)

Type V
(1–2)

Type VI
(2–1-2)

Type VII
(1–2–1-2)

Type VIII
(3)

Mesial root 63 (5.37%) 235 (20.02%) 48 (4.09%) 773 (65.84%) 26 (2.21%) 8 (0.68%) 0 (0) 21 (1.79%)

Distal root 918 (78.19%) 41 (3.49%) 12 (1.02%) 180 (15.33%) 20 (1.70%) 3 (0.26%) 0 (0) 0 (0)
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MMC within a wide range between the MBC and MLC
to avoid missing root canals in western Chinese popula-
tion as well as in Chinese populations. In addition, the
analysis of data by Nosrat et al. [8] showed that the
prevalence of MMC among different age groups has sig-
nificant difference. They found that the prevalence of
MMC was 32.1, 23.8, 3.8% in patients ≤20 years old, 21–
40 years old, and > 40 years old, respectively. This finding
suggests that clinicians should be more careful and
spend more time searching for an MMC when handling
younger patients.
In the clinic, MMCs are difficult to find and treat.

When working without magnification, it is likely that the
MMCs will be missed because their access always be
hidden by the secondary dentin. With the use of some
adjunctive aids, such as operating microscope, ultrasonic
troughing and CBCT, dental clinicians were greatly facil-
itated in the location and treatment of MMC [40, 44].
The operating microscope and ultrasonic tip can be used
for removal of any protuberance from the mesial axial
wall, which would prevent direct access to the develop-
mental groove between MBC and MLC orifice. In
addition to the various diagnostic aids, operator experi-
ence has also been identified as a key factor in locating
these aberrant canals. The clinician should be aware of
the incidence of this type of variation in the mandibular
first molar tooth and perform a preoperative radiological
assessment from different angles, a proper access prepar-
ation, and thorough examination of the pulp chamber to
locate and debride all the canals [45].
Versiani et al. [13] reported that the mean minor

diameter of the MMC (0.16 mm) orifice was significantly
smaller than that of the MBC (0.46 mm) and MLC (0.50
mm) orifices; it was always too small to detect and was
also prone to root strip perforation during instrumenta-
tion. In addition, according to Akbarzadeh et al. [42],
there could be an isthmus in 87% of mandibular first
molars with an recognizable MMC. Due to the existence
of an isthmus in most cases with an MMC, it is difficult
to completely clean up the microbial biofilm attached to
the isthmus, which can lead to failure in endodontic
treatment [27]. Interestingly, Tahmasbi et al. [27] also
found that an MMC originated from a separate apical
foramen in only 2.4% of the total cases. They proposed

that the omission of an MMC in mandibular molars
may not be severe and would not definitely contribute to
the failure of endodontic treatment in contrast to the
omission of a second MB canal in maxillary molars [46].
In terms of the RE, a previous study by Zhang et al.

[47] in western Chinese population, in which CBCT im-
ages of 232 mandibular first molars were detected,
showed a detection rate of 30% for distal extra roots,
and all of the extra roots had a type I configuration. An-
other study in western Chinese population [34] found
that of the 558 CBCT images of mandibular first per-
manent molars, 24.7% exhibited a distolingual root. The
results of the present study showed a detection rate of
22.15% (260/1174) for the total teeth and a detection
rate of 25.04% (147/587) for individuals, which is con-
sistent with the results described above. These results
suggest that the prevalence of a RE in western Chinese
populations is relatively high, and one out of every four
people may have a distolingual root. Therefore, clini-
cians should carefully and consciously explore the pres-
ence of distolingual roots during endodontic treatment.
According to Schneider’s method, Chen et al. [25]

found that most REs had a more severe curvature in the
BL orientation (36.35 ± 9.38°) than in the MD orienta-
tion (9.24 ± 6.10°). The present study evaluated 487 man-
dibular first molars with an RE using Schneider’s
method and showed that the angles of the RE root
curvature in the BL and MD orientations were 40.69 ±
14.37° and 17.58 ± 7.84°, respectively; it was also found
that most RE canals exhibited severe curvature in the BL
orientation and exhibited moderate curvature or a
straight appearance in the MD orientation, which is in
agreement with previous studies. It is usually known that
there is an increased risk of instrument fracture with an
increasing angle of curvature [48–50]. Attention should
be taken to avoid instrument fracture or perforation for
the treatment of this additional unexpected canal since
they are usually short and severely curved. The present
study also found that the mean inter-orifice distances
from the DLC to the DBC and from the DLC to the
MLC were 4.22 and 4.01 mm, respectively. These dis-
tances are greater than those reported by Zhang et al.
[31], in which the distances found between the two distal
canal orifices in most (65.2%) mandibular first molars

Table 3 The frequency distribution and percentage of the number of roots and root canals according to sex in the mandibular first
molars

Number of roots Number of root canals

Two roots Three roots Two root canals Three root canals Four root canals Five root canals

Male (n/%) 345 (72.8%) 129 (27.2%) 474 (100.0%) 6 (1.3%) 256 (54.0%) 210 (44.3%) 2 (0.4%) 474 (100.0%)

Female (n/%) 549 (78.4%) 151 (21.6%) 700 (100.0%) 47 (6.7%) 407 (58.1%) 240 (34.3%) 6 (0.9%) 700 (100.0%)

894 (76.1%)* 280 (23.9%)* 1174 (100.0%) 53 (4.5%)* 663 (56.5%) 450 (38.3%)* 8 (0.7%) 1174 (100.0%)

*p < 0.05, chi-square test

Qiao et al. BMC Oral Health          (2020) 20:224 Page 5 of 8



with an RE were 2.5–3.5 mm. This suggests that clini-
cians could try to explore the presence of an orifice of
the RE canal within a larger range in western Chinese
populations, and a highly trapezoidal cavity may be help-
ful for locating the RE canal orifice [51].
It is also necessary to learn the similarity and sym-

metry of the number and morphology of roots and root
canals between the left and right sides if bilateral man-
dibular first molars are to be treated. Of the 587 patients
we studied, 91.14% had bilateral symmetry in terms of
the number of roots, 84.50% had bilateral symmetry in
terms of the number of root canals, and 71.72% had bi-
lateral symmetry in terms of the root canal morphology
(both sides had the same canal configuration according
to Vertucci’s classification in each root). In addition, our
study showed that the right molars had a higher preva-
lence of having two roots (80.4%), while the left molars
had a higher prevalence of having three roots (28.1%),
which is consistent with the results of Wang et al. [34].
In addition, the frequency of bilateral occurrence of the
MMC was only 0.05%, with no significant differences be-
tween the right and left sides. The frequency of bilateral
occurrence of the RE was 76.87%, and there was a statis-
tically significant difference between the right and left
sides. The prevalence of RE according to the side of oc-
currence still has some dispute. Some studies have found
a right-side predominance [24, 52, 53], whereas other in-
vestigators have reported REs seen more frequently on
the left side [34, 54–56]. The results of the current study
support the latter evidence. These contradictory findings
might be attributed to the ethnic backgrounds, sample
sizes and methods used.
In our study, Vertucci’s Classification has some limi-

tations. If there was any other type of canal configur-
ation which doesn’t fits in these eight variations, it will
be embarrassing to categorize. For this reason, a more
comprehensive classification such as Ahmed et al.’ s
classification [57] could be introduced into further re-
search. CBCT provides a reliable support for the clin-
ician to have a more thorough understanding of the
anatomic structures of root canal systems, especially
those tiny, undetectable structures, like MMC and RE
canals. As the results of our study shown, only 20 of
the 587 patients detected MMC, and it doesn’t make
much sense to subdivide the age as a confounder for
statistical analysis. Therefore, more patients with MMC
need to be included for further study about the associ-
ation between MMC and age. The prevalence of RE in
western Chinese populations is relatively high, and one
out of every four people may have a distolingual root.
And the frequency of bilateral occurrence of the RE
was 76.87%. Considering the prevalence and symmetry
of the RE, clinicians should pay more attention to diag-
nose and treat this variation.

Conclusions
In western Chinese populations, there are 3 or 4 root ca-
nals in most mandibular first permanent molars. Ver-
tucci type I canal configurations was most prevalent in
the distal while type IV was the most prevalent in the
mesial roots. The detection rates of the MMC and RE
were 3.41 and 25.04%, respectively. Therefore, clinicians
should be careful enough to avoid overlooking the pos-
sible existence of a RE or an MMC.

Abbreviations
MMC: Middle mesial canal; RE: Radix entomolaris; CBCT: Cone-beam
computed tomography; BL: Buccolingual; MD: Mesiodistal; MBC: Mesiobuccal
canal; MLC: Mesiolingual canal

Acknowledgements
Not applicable.

Authors’ contributions
XQ, YY and LZ contributed to conception or design, collected the data; JL
and JR contributed to acquisition, analysis or interpretation of data. HZ
contributed to draft the manuscript; LZ and YG critically revised manuscript.
All authors read and approved the final manuscript.

Funding
This study has no funding.

Availability of data and materials
All the datasets used and analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Medical Ethics Committee of West China
Stomatological Hospital of Sichuan University with the approval number:
WCHSIRB-ST-2017-85. The administrative department of West China Hospital
have approved us to collect data used in our research from the department
of radiology of West China Hospital of Stomatology And consent to
participate was not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1State Key Laboratory of Oral Diseases & National Clinical Research Center for
Oral Diseases & West China Hospital of Stomatology, Sichuan University,
Chengdu, China. 2State Key Laboratory of Oral Diseases & National Clinical
Research Center for Oral Diseases & Department of Radiology, West China
Hospital of Stomatology, Sichuan University, Chengdu, China. 3State Key
Laboratory of Oral Diseases & National Clinical Research Center for Oral
Diseases & Department of Endodontics, West China Hospital of Stomatology,
Sichuan University, Chengdu, China.

Received: 27 April 2020 Accepted: 12 August 2020

References
1. de Pablo OV, Estevez R, Peix Sanchez M, Heilborn C, Cohenca N. Root

anatomy and canal configuration of the permanent mandibular first molar:
a systematic review. J Endod. 2010;36(12):1919–31.

2. Toru N. Better success rate for root canal therapy when treatment includes
obturation short of the apex. Evid Based Dent. 2005;6(2):45.

3. Reuben J, Velmurugan N, Kandaswamy D. The evaluation of root canal
morphology of the mandibular first molar in an Indian population using
spiral computed tomography scan: an in vitro study. J Endod. 2008;34(2):
212–5.

Qiao et al. BMC Oral Health          (2020) 20:224 Page 6 of 8



4. Skidmore AE, Bjorndal AM. Root canal morphology of the human
mandibular first molar. Oral Surg Oral Med Oral Pathol. 1971;32(5):778–84.

5. Silva EJ, Nejaim Y, Silva AV, Haiter-Neto F, Cohenca N. Evaluation of root
canal configuration of mandibular molars in a Brazilian population by using
cone-beam computed tomography: an in vivo study. J Endod. 2013;39(7):
849–52.

6. Baugh D, Wallace J. Middle mesial canal of the mandibular first molar: a
case report and literature review. J Endod. 2004;30(3):185–6.

7. Huang RY, Cheng WC, Chen CJ, Lin CD, Lai TM, Shen EC, Chiang CY, Chiu
HC, Fu E. Three-dimensional analysis of the root morphology of mandibular
first molars with distolingual roots. Int Endod J. 2010;43(6):478–84.

8. Nosrat A, Deschenes RJ, Tordik PA, Hicks ML, Fouad AF. Middle mesial
canals in mandibular molars: incidence and related factors. J Endod. 2015;
41(1):28–32.

9. Vertucci FJ, Williams RG. Root canal anatomy of the mandibular first molar. J
N J Dent Assoc. 1974;45(3):27.

10. Barker BCW, Parsons KC, Mills PR, Williams GL. Anatomy of root canals. III.
Permanent mandibular molars. Aust Dent J. 1974;19(6):408–13.

11. Weine FS. Case report: three canals in the mesial root of a mandibular first
molar. J Endod. 1982;8(11):517–20.

12. Bond JL, Hartwell GR, Donnelly JC, Portell FR. Clinical management of
middle mesial root canals in mandibular molars. J Endod. 1988;14(6):312–4.

13. Versiani MA, Ordinola-Zapata R, Keles A, Alcin H, Bramante CM, Pécora JD,
Sousa-Neto MD. Middle mesial canals in mandibular first molars: a micro-CT
study in different populations. Arch Oral Biol. 2016;61:130–7.

14. Navarro LF, Luzi A, García AA, García AH. Third canal in the mesial root of
permanent mandibular first molars: review of the literature and presentation
of 3 clinical reports and 2 in vitro studies. Med Oral Patol Oral Cir Bucal.
2007;12(8):E605–9.

15. Karapinar-Kazandag M, Basrani BR, Friedman S. The operating microscope
enhances detection and negotiation of accessory mesial canals in
mandibular molars. J Endod. 2010;36(8):1289–94.

16. Kim SY, Kim BS, Woo J, Kim Y. Morphology of mandibular first molars
analyzed by cone-beam computed tomography in a Korean population:
variations in the number of roots and canals. J Endod. 2013;39(12):1516–21.

17. Azim AA, Deutsch AS, Solomon CS. Prevalence of middle mesial canals in
mandibular molars after guided Troughing under high magnification: an
in vivo investigation. J Endod. 2015;41(2):164–8.

18. Carabelli G. Systematisches Handbuch der Zahnheilkunde. 2nd ed. Vienna:
Braumüller and Seidel; 1844.

19. Chandra SS, Chandra S, Shankar P, Indira R. Prevalence of radix entomolaris
in mandibular permanent first molars: a study in a south Indian population.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;112(3):e77–82.

20. Abella F, Mercade M, Duran-Sindreu F, Roig M. Managing severe curvature
of radix entomolaris: three-dimensional analysis with cone beam computed
tomography. Int Endod J. 2011;44(9):876–85.

21. Calberson FL, De Moor RJ, Deroose CA. The Radix Entomolaris and
Paramolaris: clinical approach in Endodontics. J Endod. 2007;33(1):58–63.

22. De Moor RJ, Deroose CA, Calberson FL. The radix entomolaris in mandibular
first molars: an endodontic challenge. Int Endod J. 2004;37(11):789–99.

23. Souza-Flamini LE, Leoni GB, Chaves JF, Versiani MA, Cruz-Filho AM, Pécora
JD, Sousa-Neto MD. The radix entomolaris and paramolaris: a micro-
computed tomographic study of 3-rooted mandibular first molars. J Endod.
2014;40(10):1616–21.

24. Tu MG, Tsai CC, Jou MJ, Chen WL, Chang YF, Chen SY, Cheng HW.
Prevalence of three-rooted mandibular first molars among Taiwanese
individuals. J Endod. 2007;33(10):1163–6.

25. Chen YC, Lee YY, Pai SF, Yang SF. The morphologic characteristics of the
distolingual roots of mandibular first molars in a Taiwanese population. J
Endod. 2009;35(5):643–5.

26. Xu S, Dao J, Liu Z, Zhang Z, Lu Y, Zeng X. Cone-beam computed
tomography investigation of middle mesial canals and isthmuses in
mandibular first molars in a Chinese population. BMC Oral Health. 2020;
20(1):135.

27. Tahmasbi M, Jalali P, Nair MK, Barghan S, Nair UP. Prevalence of middle
mesial canals and Isthmi in the mesial root of mandibular molars: an in vivo
cone-beam computed tomographic study. J Endod. 2017;43(7):1080–3.

28. Schneider SW. A comparison of canal preparations in straight and curved
root canals. Oral Surg Oral Med Oral Pathol. 1971;32(2):271–5.

29. Plotino G, Tocci L, Grande NM, Testarelli L, Messineo D, Ciotti M, Glassman
G, D'ambrosio F, Gambarini G. Symmetry of root and root canal

morphology of maxillary and mandibular molars in a white population: a
cone-beam computed tomography study in vivo. J Endod. 2013;39(12):
1545–8.

30. Caputo BV, Noro Filho GA, de Andrade Salgado DMR, Moura-Netto C,
Giovani EM, Costa C. Evaluation of the root canal morphology of molars by
using cone-beam computed tomography in a Brazilian population: part I. J
Endod. 2016;42(11):1604–7.

31. Zhang X, Xiong S, Ma Y, Han T, Chen X, Wan F, Lu Y, Yan S, Wang Y. A
cone-beam computed tomographic study on mandibular first molars in a
Chinese subpopulation. PLoS One. 2015;10(8):e0134919.

32. Demirbuga S, Sekerci AE, Dincer AN, Cayabatmaz M, Zorba YO. Use of cone-
beam computed tomography to evaluate root and canal morphology of
mandibular first and second molars in Turkish individuals. Med Oral Patol
Oral Cir Bucal. 2013;18(4):e737–44.

33. Mukhaimer RH. Evaluation of root canal configuration of mandibular first
molars in a Palestinian population by using cone-beam computed
tomography: an ex vivo study. Int Sch Res Notices. 2014;2014:583621.

34. Wang Y, Zheng QH, Zhou XD, Tang L, Wang Q, Zheng GN, Huang DM.
Evaluation of the root and canal morphology of mandibular first permanent
molars in a western Chinese population by cone-beam computed
tomography. J Endod. 2010;36(11):1786–9.

35. Nur BG, Ok E, Altunsoy M, Aglarci OS, Colak M, Gungor E. Evaluation of the
root and canal morphology of mandibular permanent molars in a south-
eastern Turkish population using cone-beam computed tomography. Eur J
Dent. 2014;8(2):154–9.

36. Celikten B, Tufenkci P, Aksoy U, Kalender A, Kermeoglu F, Dabaj P, Orhan K.
Cone beam CT evaluation of mandibular molar root canal morphology in a
Turkish Cypriot population. Clin Oral Investig. 2016;20(8):2221–6.

37. Mehraban N, Moudi E, Bijani A, Zahra SM. Root and canal morphology of
mandibular molars in a selected Iranian population using cone-beam
computed tomography. Iran Endod J. 2017;12(2):143.

38. Yong MA. Clinical feature and treatment of the middle mesial canals of
mandibular molars. Beijing J Stom. 2016;24(06):341–4.

39. Chen G, Yao H, Tong C. Investigation of the root canal configuration of
mandibular first molars in a Taiwan Chinese population. Int Endod J. 2009;
42(11):1044–9.

40. Lili Y, Yan Z, Shijun Z, Shuai Z, Na W, Jie X, Shue H, Zhiyuan X. Clinical
application of cone beam computed tomography combined with micro-
ultrasound technique in treating three mesial canals in mandibular first
molars. West Chin J Stomatol. 2017;35(4):384–8.

41. Gu Y, Lu Q, Wang H, Ding Y, Wang P, Ni L. Root canal morphology of
permanent three-rooted mandibular first molars—part I: pulp floor and root
canal system. J Endod. 2010;36(6):990–4.

42. Akbarzadeh N, Aminoshariae A, Khalighinejad N, Palomo JM, Syed A,
Kulild JC, Sadeghi G, Mickel A. The association between the anatomic
landmarks of the pulp chamber floor and the prevalence of middle
mesial canals in mandibular first molars: an in vivo analysis. J Endod.
2017;43(11):1797–801.

43. Weinberg EM, Pereda AE, Khurana S, Lotlikar PP, Falcon C, Hirschberg C.
Incidence of middle mesial canals based on distance between Mesial Canal
orifices in mandibular molars: a clinical and cone-beam computed
tomographic analysis. J Endod. 2020;46(1):40–3.

44. Mendes EB, Soares AJ, Martins JNR, Silva E, Frozoni MR. Influence of access
cavity design and use of operating microscope and ultrasonic troughing to
detect middle mesial canals in mandibular first molars. Int Endod J. 2020.
https://doi.org/10.1111/iej.13352.

45. Karunakaran JV, Shobana R, Kumar M, Kumar S, Mankar S. Management of
middle mesial canal in mandibular second molar. J Pharm Bioallied Sci.
2012;4(Suppl 2):S161–4.

46. Kulid JC, Peters DD. Incidence and configuration of canal systems in the
mesiobuccal root of maxillary first and second molars. J Endod. 1990;16(7):311–7.

47. Zhang R, Wang H, Tian YY, Yu X, Hu T, Dummer PM. Use of cone-
beam computed tomography to evaluate root and canal morphology
of mandibular molars in Chinese individuals. Int Endod J. 2011;44(11):
990–9.

48. Grande NM, Plotino G, Pecci R, Bedini R, Malagnino VA, Somma F. Cyclic
fatigue resistance and three-dimensional analysis of instruments from two
nickel–titanium rotary systems. Int Endod J. 2006;39(10):755–63.

49. Zelada G, Varela P, Martín B, Bahíllo JG, Magán F, Ahn S. The effect of
rotational speed and the curvature of root canals on the breakage of rotary
endodontic instruments. J Endod. 2002;28(7):540–2.

Qiao et al. BMC Oral Health          (2020) 20:224 Page 7 of 8

https://doi.org/10.1111/iej.13352


50. Alfouzan K, Jamleh A. Fracture of nickel titanium rotary instrument during
root canal treatment and re-treatment: a 5-year retrospective study. Int
Endod J. 2018;51(2):157–63.

51. Jang JK, Peters O, Lee W, Son SA, Park JK, Kim HC. Incidence of three roots
and/or four root canals in the permanent mandibular first molars in a
Korean sub-population. Clin Oral Investig. 2013;17(1):105–11.

52. Tu MG, Huang HL, Hsue SS, Hsu JT, Chen SY, Jou MJ, Tsai CC. Detection of
permanent three-rooted mandibular first molars by cone-beam computed
tomography imaging in Taiwanese individuals. J Endod. 2009;35(4):503–7.

53. Song JS, Kim SO, Choi BJ, Choi HJ, Son HK, Lee JH. Incidence and
relationship of an additional root in the mandibular first permanent molar
and primary molars. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2009;107(1):e56–60.

54. Gulabivala K, Opasanon A, Ng YL, Alavi A. Root and canal morphology of
Thai mandibular molars. Int Endod J. 2002;35(1):56–62.

55. Loh HS. Incidence and features of three-rooted permanent mandibular
molars. Aust Dent J. 1990;35(5):434–7.

56. Gulabivala K, Aung TH, Alavi A, Ng YL. Root and canal morphology of
Burmese mandibular molars. Int Endod J. 2001;34(5):359–70.

57. Ahmed HMA, Versiani MA, De-Deus G, Dummer PMH. A new system for
classifying root and root canal morphology. Int Endod J. 2017;50(8):761–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Qiao et al. BMC Oral Health          (2020) 20:224 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Radiographic techniques
	Evaluation of the images

	Results
	The detection rates and locations of the MMC and RE
	The curvature of the RE
	The bilateral symmetry
	The association of these parameters with sex

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

